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INTRODUCTION 
The design process for a new warship requires the selection of the configuration 
and specific characteristics that will result in satisfying requirements in an oper-
ationally effective manner. Traditionally, the initial phase of Concept Definition 
is based on experience, on the balanced application of project constraints, on 
empirical rules and experimental information, and on analytic insights into 
the technologies being considered for the new warship. This knowledge is 
employed within a consolidated team of experts who balance requirements, 
constraints, and resources. 
However, a key aspect of successful ship design is the need to begin the process 
with an understanding of the missions that the ship will undergo, as well as a clear 
definition of mission success. A collaborative team of researchers from academia 
and industry, led by Orizzonte Sistemi Navali (OSN) and supported by the Ital-
ian Navy, is applying this "mission focus' to Early Stage Ship Design (ESSD). This 
multiyear effort has the primary goal of linking operational effectiveness to ship 
design, while also developing methods and formats to convey mission effective-
ness and design characteristic information that support a deeper understanding 
of these relationships within the ship concept design process. 
This proved to be a challenging goal because Italy did not have technical expe-
rience in this field. Furthermore, the broad scope meant that a total ship design 
capability would have to be developed, integrating traditional ship design, the 
analysis of subsystems capabilities, and the evaluation of novel warship concepts 
of operation. 
In this context, during 2005, an engineering team working in the engineering 
and naval architecture departments of Orizzonte Sistemi Navali started to analyze 
what was the state-of-the-art in System of Systems Engineering (SoSE) used for 
ESSD. A seminal reference for this activity was W. Hockberger's paper [1 ], in 
which the problem of developing operational effectiveness measures that charac-
terize different alternative design solutions is dearly emphasized and represents 
the principal guideline for the activities performed by OSN. 
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• The design process for a new warship requires 
the selection of the configuration and specific 
characteristics that will result in satisfying 
requirements in an operationally effective 
manner. Traditionally, the initial phase of 
Concept Definition is based on experience, 
on the balanced application of project 
constramts, on empirical rules and experimental 
information, and on analytic inSights mto the 
technologies being considered for the new 
warship. This knowledge is employed within 
a consolidated team of experts, who balance 
requirements, constraints, and resources. 
However, a key aspect of successful ship 
design IS the need to begin the process with 
an understanding of the missions that the 
ship will undergo, as well as a clear definition 
of mission success. A collaborative team of 
researchers from academia and industry, led by 
Orizzonte Sistemi Navali (OSN) and supported 
by the Italian Navy, is applymg this "mission 
focus" to Early Stage Ship Design (ESSD). 
This multiyear effort has the primary goal of 
linking operational effectiveness to ship design, 
while also developing methods and formats 
to convey mission effectiveness and design 
characteristic information that support a deeper 
understanding of these relationships within the 
shi p concept design process. 
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Several other recent scientific papers and 
related activities served as a basis for OSN's 
activity in ESSD: 
• The paper written by Dr. Dean A. Rains 
in which analytical models for evaluating 
measure of effectiveness are developed for 
most important naval tasks [2]. 
• The Dutch-German study related to a Future 
Reduced Cost Ship in which the idea of 
Hockberger is developed within a structured 
framework and process [3]. 
• The papers and the activity of Dr. Alan Brown 
of Virginia Tech in which a Ship Synthesis 
Model (SSM) is connected to an Operational 
Evaluation Model (OEM). The OEM is a 
structured framework based on an Analytic 
Hierarchical Process (AHP) suitable for 
expert judgment [4]. 
• The paper of Dr. Clifford Whitcomb of 
the Naval Postgraduate School related 
to development of new framework for 
performing military effectiveness analyses 
and design tradeoff decision [5]. 
At the same time, with Italian Navy support 
and validation, OSN started developing analytic 
and parametric models for different naval tasks 
(Maritime Interdiction Operation [MIO], 
Search And Rescue [SAR] , Anti Surface Warfare 
[ASuW],AntiAirWarfare [AAW]. Additionally, 
all members of the OSN research team extended 
their own technical background through the 
use of two books: Naval Operations Analysis [6] 
and Practical Ship Design [7]. Innovation was 
achieved through this approach in that theoreti-
cal models were developed according to these 
books and were validated by the field experience 
of the Italian Navy officers. 
ESSD Research and Development led by OSN 
RESEARCH TEAM MEMBERS 
Orizzonte Sistemi Navali (OSN): OSN is a 
collaborative joint venture between Fincantieri 
shipyard and Finmeccanica Group, two main 
Italian worldwide industrial defense leaders, 
with the specific task of being the Italian Prime 
Contractor for the European Multipurpose 
Frigate, FREMM, program (a joint venture 
by the Italian and French navies). The role of 
Prime Contractor and Design Authority for the 
Italian Navy FREMM program (the FREMM 
European program is in collaboration with 
Armaris) was assigned to OSN. 
The research activity performed by OSN 
involves operational experts and technical 
ship and combat system designers with their 
unique perspectives on establishing operational 
requirements, assessing mission effectiveness, 
and developing feasible ship and system designs 
incorporated into an integrated design meth-
odology. The capability to increase and deepen 
understanding of the relationship between 
requirements, mission effectiveness, and ship 
size and cost could have a profound impact on 
how future naval ships are developed. Among 
the potential benefits could be a reduction in 
total ship development time and cost. 
OSN is the sole Italian Prime Contractor and 
Whole Warship Design Authority supplying turn-
key naval surface vessels with a high technological 
content. The company; through its experience in 
total naval ship design and integrated support ser-
vices, is more than a surface vessel supplier; it is a 
provider of global naval solutions. With the objec-
tive to support the company's mission, a new 
research and development team was established 
and located in Genoa to define the most advanced 
and sophisticated engineering tools for the Early 
Stage Ship Design (ESSD). 
The Italian Navy has supported and validated 
OSN models with general staff personnel, 
and in particular with Political Department, 
Combat System Department, and Technical 
Department officers. 
Naval Postgraduate School (NPS): NPS has 
formulated a holistic systems approach to system 
design and analysis through a model-based 
systems engineering (MBSE) design process 
method that allocates mission capabilities to 
operational activities, functions, and require-
ments, and alternative physical forms. The 
method is defined to support implementation 
in a software design environment for concept 
exploration and deSign, especially for early stage 
first level studies. Faculty and students at NPS 
are applying this approach as part of a collabora-
tive effort to support ESSD. Recent and ongoing 
theses and student capstone projects have 
focused on developing Operational Effectiveness 
Models, ship synthesis models, probabilistic cost 
models, Human Systems Integration models, 
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improvements in dynamic display of data to 
enhance decision-making, and advances in 
Design of Experiments_ 
Virginia Tech: Faculty and students at Virginia 
Tech have focused much of their effort on 
ship synthesis models, while also examining 
other facets of naval architecture and design. 
Their work includes theses examining details 
of Operational Effectiveness Models; Design 
Synthesis Models; techniques to generate hull 
forms, seakeeping models, and other quantita-
tive modeling capabilities; and the utilization 
of tools and approaches such as ModelCenter, 
Orca3D, and other hierarchically-represented 
design environments. 
Georgia Tech (GT): Faculty and students at 
Georgia Tech, particularly from the Aerospace 
Systems Design Laboratory (ASDL), have 
focused mucl1 of their research efforts on the 
development and demonstration of a Deci-
sion Support Framework (DSF), also known 
as a Decision Support Tool or a dashboard. 
This dynamic tool facilitates the rendering and 
display of ship design information, incorporates 
probabilistic information into the design process, 
links expert opinion and quantitative modeling, 
and provides for sensitivity analysis- all within a 
complex system engineering environment. 
Steps in Research and Development Progress 
STEP 1: PRELIMINARY ACTIVITIES AT OSN 
In 2005, OSN established contact with Total 
Ship Systems Engineering (TSSE) subject matter 
experts. William Hockberger, an independent 
consultant in systems engineering, economic 
analysis and ship design, provided OSN with 
contact information for CAPT Charles Calvano, 
USN (Ret.), who was then the Chief Scientist 
with the Office of Naval Research Global Office 
in London. Calvano visited Genoa and presented 
a detailed lecture on TSSE. His lecture was 
attended by a large audience from Fincantieri, as 
well as academics from the University of Genoa. 
lhis visit led to two important outcomes. First, it 
encouraged OSN to continue efforts to develop a 
TSSE capability in Italy, and second, it estab-
lished the first contact with ONR, something 
that would be invaluable to the future develop-
ment ofOSN's TSSE efforts. In the follOwing 
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years, that first contact would serve as the basis 
for a cooperative effort between Italy and the 
United States. 
FollOWing this visit, OSN conducted a 
comprehensive research effort to identify and 
define the correct approach to implement a Ship 
Synthesis Model and an Operational Evaluation 
Model (OEM). As a first step, OSN engineers 
performed a thorough literature review, leverag-
ing relevant papers from two specific sources: 
the Naval Engineers Journal and the published 
theses of the United States Naval Postgraduate 
School (NPS). The papers of both Brown and 
Whitcomb were extremely relevant and helpful 
in analyzing surface warfare technology, in par-
ticular beyond-the-horizon engagements using 
surface-to-surface missiles (SSM). 
In relation to Overall Effectiveness Measures, 
the master theses produced by NPS students 
represented the first example of how to investigate 
a naval operation. These theses were particularly 
helpful in analyzing specific naval operations (e_g., 
Maritime Interdiction Operations (MIO), Anti-
Piracy).lhese theses investigated naval operations 
from both an analytical point of view and through 
the use of simulation models. Through these 
theses, OSN recognized the importance of Agent 
Based Modeling and Simulation (ABMS), and in 
particular the use of the Map Aware Non-uniform 
Automata (MANA) software, an ABMS tool tai-
lored to analyze military system of systems. From 
information published in the NPS theses, it was 
clear that simulation models were most effectively 
used by leveraging DOE and regression analysis. 
In relation to DOE, NPS has been developing a 
family of designs, the Nearly Orthogonal Latin 
Hypercube deSigns, that allows for the study of 
dimensionally large design spaces. 
Additionally, NURC La Spezia had released the 
first version of the tactical planning aid, ASTPA 
(Anti-Surface Tactical Planning Aid), and was in 
the process of developing MASTPA (Multi-static 
Anti-Submarine Tactical Planning AID). 
From these initial efforts, OSN was able to pro-
cure a research contract from the Italian Navy with 
the aim of developing models dedicated to analyz-
ing a variety of naval tasks. Of particular impor-
tance was the model for anti-submarine warfare 
(ASW), which included aspects of precursory 
sanitation using sprint and drift and torpedo self-
defense. These models highlighted the importance 
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of not only sonar performances but associated 
relevant requirements connected to the platform's 
performance (Le., maximum speed, silent speed, 
radius of maneuverability) and signatures. These 
models were based on closed analytical formula-
tions and implemented in MS Excel. 
Following the ASW efforts, OSN began to 
develop an anti-surface warfare (ASuW) analysis 
capability based on a review of the public litera-
ture. The models developed centered on at-the-
horizon and beyond-the-horizon engagements 
using SSMs as the main offensive weapon in the 
ASuW exchanges. FINCANTIERI provided an 
extensive database on which to base the analysis 
and verify the results produced by the models. 
These parallel developments were conducted 
by members ofthe same research team, and there-
fore allowed OSN to create a shared knowledge 
base within the group that included an under-
standing of operational aspects, combat system 
performance, and platform deSign. None of the 
papers reviewed during the literature review 
process highlighted the importance of this shared 
multidiSCiplinary knowledge base, but it proved 
to be one of the most significant capabilities 
developed during the exercise. It was this shared 
knowledge, related to operational effectiveness 
and platform deSign, that made it possible to 
explore the links between operational require-
ments, operational effectiveness, ship design 
parameters, and subsystems performances. 
lhis preliminary activity was supported by 
Italian Navy with a founded project inside the 
National Plan for Military Research. 
STEP 2: INCREASED COLLABORATION WITH ONR 
AND A NATO SPECIALIST TEAM IN TOTAL SHIP 
SYSTEM ENGINEERING (TSSE) 
lhe Step 2 period was characterized by two 
important events in OSN research activities: the 
first was related to contact with the U.S. Navy 
Office of Naval Research (ONR), the second 
was awareness of a NATO-Specialist Team in 
Total Ship System Engineering (TSSE). 
During 2008, OSN described preliminary 
activities in the Ship Synthesis Model and the 
Operational Evaluation Model at the main 
European conferences (MAST Conference, 
ITEC, and EUROSIW). InJune 2008, OSN 
attended the EUROSIW Conference in Edin-
burg, Scotland [17]. On the second occasion, 
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an ONR representative, Mr. Dan Sheridan of 
DJS Associates Inc., expressed interest in the 
activities under development by OSN. Shortly 
thereafter, an ONR delegation spent three days 
in Genoa (Italy) becoming familiar with several 
organizations involved in OSN's research project. 
These members included representatives from 
departments of the Genoa University, Fincant-
ieri, and CETENA (the Italian Research Center 
ofFINCANTIERI). The activities carried out in 
these days attracted the interest of ONR. Con-
sequently, Ms. Kelly Cooper (Program Officer 
Ships Systems & Engineering Division Office 
of Naval Research) invited OSN representatives 
to describe the first technical concepts that link 
main ship design parameters with operational 
capabilities at the Ship Design Process Work-
shop III, held in May 2009 at NSWC Carderock 
Division in West Bethesda, MD. ONR's interest 
and the invitation to present at the workshop 
served as proof to OSN's leadership that OSN 
had developed capabilities that were valuable 
and appreciated by the international ship design 
community. lhis gave impetus to their decision 
to continue to invest time and resources to this 
area of research. 
In June 2007, the NATO Maritime Capabil-
ity Group - Ship Design and Maritime Mobil-
ity (NATO AC141 / MCG/6) established a 
Specialist Team (ST), with experts from NATO 
members and Partnership for Peace (PfP) coun-
tries to explore the development of a common 
TSSE process for use in the early phases of ship 
design as part of the ship acquisition process. 
Key features of this process were to include: (a) 
enabling identification of key ship capabilities, 
(b) providing NATO Defence Planning organiza-
tions with recommendations on key technology 
investments, and (c) facilitating the incorpora-
tion of high payoff capabilities in future ship 
deSigns. To meet this goal, the ST determined 
that the TSSE process guidance would recom-
mend a minimal standardized set of processes, 
activities, tools, and references to be utilized in 
executing the TSSE approach in the early phase 
of naval ship deSign, specifically to include the 
linkage between operations analysis and design 
synthesis. The focus of this study was on the very 
early stages of the ship design process, since this 
is where operational needs are transformed into 
performance requirements, and the interactions 
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between the operational domain and technical 
domain are the most intensive and important. 
MCG/6 decided to develop a case study in order 
to demonstrate how to establish the relationships 
between naval task effectiveness and operational 
requirements, and how such a model could facili-
tate early stage ship design_ A notional Maritime 
Interdiction Operation (MIO) was selected as 
the naval task in order to facilitate the discus-
sion of possible scenarios and results. Models 
related to this task were developed by NAVSEA 
(using the tool NABEM) and the German Navy 
(through Marine Tecnik). In the course of this . 
activity within TSSE, OSN could learn and 
maturate the main ingredients of an operational 
evaluation model. 
STEP 3: ESTABLISHING THE PARTNERSHIP FOR 
RESEARCH ON NAVAL TECHNOLOGY AND 
OPERATIONS (PRONTO) 
In December 2010, in a kickoff meeting hosted 
by Italian Navy in the Officers' Club in Rome, 
ONR and OSN established the Partnership 
for Research on Naval Technology and Opera-
tions (PRONTO) project as part of a Naval 
International Cooperative Opportunities in 
Science and Technology Program (NICOP). 
The partners included OSN, the Naval Post-
graduate School (NPS), Virginia Tech, Georgia 
Tech, University of Genoa, and Integrative 
Engineering. The purpose of this collaboration 
was to advance the naval community's ability to 
make informed decisions by using purposefully 
planned modeling approaches that would lead 
to actionable insights [IS, 16]. 
This research activity was focused upon inves-
tigating the benefits of integrating ship design 
and operational effectiveness in the ship concept 
design process. In current practice, a strong inter-
action between operational analysts and ship 
designers or engineers (and their models) does 
not exist. Misleading or inappropriate conclu-
sions can be reached when Operational Research 
(OR) models do not account for relevant depen-
dencies in design characteristics, and/or design 
models are not capable of properly predicting 
the operational performance and effectiveness 
of ship designs. As is often observed, current 
naval ship concept design practice seldom yields 
a good balance between expectations during 
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the requirements setting phase and the resulting 
design cost and capability. 
For this project, the Italian organizations 
represented by OSN, CETENA, FIN CANT-
IERr and University of Genoa, always with the 
support of the Italian Navy, collaborated with 
the U.S. organizations and universities described 
above, specifically ONR, NPS, Georgia Tech, 
and Virginia Tech. The primary purpose was to 
address how variations in key requirements (e.g., 
cruise speed, endurance, combat system archi-
tecture) and operational effectiveness param-
eters (e.g., time on station, extent of patrol area 
covered), or the ship's main characteristics (e.g., 
displacement, dimensions, cost), may impact 
other factors in the design and development of a 
naval vessel. The research goals can be summa-
rized into four main objectives: 
l. Understand the benefits of developing: 
a. ship concept models during the mission 
and requirement synthesis process 
b. mission- effectiveness estimates during the 
design synthesis process. 
2. Develop methods and formats to link mission 
effectiveness and design characteristic 
information that support a deeper 
understanding oftheir relationships within 
the ship concept design process. 
3. Improve understanding within the U.S. naval 
community of the Significance of this broad 
research effort focused on improving the 
science and art of naval architecting. 
4. Provide OSN with an opportunity for 
research collaboration with U.S. naval design 
organizations and learning institutions. 
In addition to these efforts, OSN applied agent-
based modeling and simulation (ABMS), and 
developed two case studies focused on (1) a Mari-
time Interdiction Operation (MIO), and (2) an 
anti-surface warfare (ASuW) engagement. Details 
about this effort are proVided later in this paper. 
STEP 4: ESTABLISHING A NATO TEAM TO 
INVESTIGATE MISSION EFFECTIVENESS AND ESSD 
The successful progress of the PRONTO team 
attracted attention from several North Atlantic 
Treaty Organization (NATO) partners. This 
led to the establishment of a NATO Research 
and Technology Organization (RTO) Applied 
Vehicle Technology (AVT) Exploratory Team 
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(ET), which brought together the Italian and 
US. PRONTO partners (OSN, NPS, Virginia 
Tech, and Georgia Tech) along with other 
NATO navies, including those from the Neth-
erlands, Canada, and Germany. This project 
was titled "Assessing Mission Effectiveness in 
the Early Stages of the Warship Design and 
Procurement Process.' The primary objective of 
this exploratory team is to support the develop-
ment of engagement models suitable for early 
stage warship design and procurement, and 
the integration of these models in the warship 
design and procurement process. These engage-
ment models are intended to be fast and flexible 
enough to compare the effectiveness of many 
alternative warship concepts using different 
alternative tactics against a range of threats in 
various environments to identify interactions 
between the ship's deSign, threats, tactics, and 
environment, for a number of relevant warfare 
areas (e.g., air defense, anti-submarine warfare, 
mine countermeasures). The models, them-
selves, are to be developed as part of individual 
national efforts to support the participating 
nations' own classified applications. 
In December 2012, OSN hosted the first tech-
nical meeting related to this exploratory team in 
Rome. the title of this workshop was "Deriving 
Naval Capability Requirements': During this 
meeting, great interest was given to an Italian 
Navy presentation that proposed a pragmatic 
approach to achieve cost/ effectiveness in prelimi-
nary ship deSign. 
The participating nations and organizations 
are continuing to discuss and share relevant 
results from ongoing research efforts witllin the 
exploratory team to help identify any gaps for a 
follow-on AVT group to address. The results of 
these discussions will be summarized in a brief 
report to NATO. 
Linking Operational Effectiveness to 
Naval Architecture: The Key to ESSD 
DESIGN SHIP SYNTHESIS AND OPERATIONAL 
EFFECTIVENESS CAPABILITIES IN OSN 
The knowledge and experience gained by OSN 
as described led to the development of the soft-
ware framework entitled Application System 
for Naval Evaluation and Testing (ASNET) for 
the purpose of defining and optimizing the con-
figuration of both the ship platform and combat 
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FIGURE 1. linking SSM co OEM. 
system in the very early stages of ship design. 
Through the application of the Ship Synthesis 
Model (SSM), ASNET provides feasibility 
analysis by automatically generating a set of 
possible ship configurations able to match the 
given operational requirements and by defining, 
for each of them, geometric data, naval perfor-
mance, equipment configuration, and mission 
constraints. Through the application of the 
Operational Evaluation Model (OEM), ASNET 
provides measurement of expected effectiveness 
of a defined ship by analyzing the operational 
behavior of the ship in a wide range of simu-
lated scenarios. 
OSN is using the operational effectiveness 
knowledge, obtained with support from the Ital-
ian Navy, to develop a methodology for evaluat-
ing the operational effectiveness of Offshore 
Patrol Vessels (OPV) before proceeding to the 
detailed design of these units. This methodology 
is the basis for the OEM, for quickly analyzing 
the impact of different requirements, quantified 
in terms of a Measure of Effectiveness (MOE). 
As previously specified, OEM works jointly with 
SSM in order to properly evaluate the features 
that units must show before releaSing them to the 
successive detailed design phase. 
As shown in Figure 1, both OEM and SSM 
take as input the set of unit, or "operational" 
requirements, such as maximum speed of ship or 
maximum sensor range. The output of SSM is the 
specification of the set of design parameters (e.g., 
length between perpendiculars, displacement, 
beam length) to satisfy these requirements. 
However, OEM must represent the different 
operational scenarios in which the ship will oper-
ate, consider the unit requirements as well as tile 
design parameters established by the SSM, and 
evaluate for eacll scenario the effectiveness of the 
unit [9,10,11,12,13,14]. 
OSN has applied the ship design knowledge 
of the various fields of naval architecture and 
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marine engineering into the SSM; this applica-
tion allows for the generation of a set of ship 
design configurations and selects a subset of 
feasible ship configurations that satisfy the 
requirements, resulting in the balancing of dif-
ferent arrangements that are often affected by 
conflicting constraints. In addition to classical 
ship design requirements (e.g., speed, endur-
ance, crew members, payload), the SSM analyzes 
several platform design parameters (e.g., length, 
beam, form coefficients, propulsion plants) 
together with their functional relations and 
functional constraints. The different balances in 
terms of propulsion and electric power, weights, 
volumes, and areas are calculated to evaluate the 
feasibility of each deSign. These aspects are taken 
into account in order to support Rough Order of 
Magnitude (ROM) analysis and are composed 
by a set oflogically integrated, sequenced para-
metric equations. 
AN INITIAL CASE STUDY BY OSN AND NPS: THE 
OFFSHORE PATROL VESSEL (OPV) 
A demonstration of the viability of this process 
is being conducted by OSN, along with faculty 
and students at NPS, in the design and develop-
ment of an OPV. OSN started the effort, devel-
oping a viable framework to produce an OEM 
and SSM for the OPV based on the mission 
effectiveness of typical scenarios that would 
likely involve the OPY. 
OSN's agent-based approach was developed in 
cooperation with the University of Genoa. In this 
research context, a custom ABMS framework was 
developed using a lower level programming lan-
guage. This choice was motivated by the fact that 
existing tools (e.g., ExtendSim) may facilitate the 
modeling task, but restrict the analyst to a given 
modeling paradigm and also add computational 
overhead. The OSN and University of Genoa 
team decided that it would require a significant 
level of effort to model the naval tasks in existing 
modeling and simulation frameworks, and that 
with the added risk of prodUCing a slow-running 
model, it was more sensible to develop a custom 
modeling and simulation framework using C++. 
OSN is developing the stand-alone software 
Application System for Naval design and Testing 
(ASNET). The ASNET framework represents a 
modern approach for naval ship design by mak-
ing use of expert system techniques that allow 
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accumulating naval experience and know-how 
in a complex application. In particular, OSN 
has been focusing on integrating assessment of 
platform and combat system performance. OSN 
started activities in this area almost five years 
ago by collecting information about parametric 
models for the naval tasks and integrating them 
with an OEM. 
The scenarios examined and modeled by OSN 
through the use of ASNET in the development 
of an OEM are: 
Anti-surface Warfare (ASuW): A facility in 
a port must be protected against threats cor-
responding to a fleet of Fast Patrolling Boats 
(FPB). The OPVs are patrolling the area. A pos-
sible MOE is given by the probability of success 
in defending the facility under attack. 
Search and Rescue (SAR): A boat with a serious 
failure relays a distress call that is received by an 
OPV operating in the area. The boat or lifeboat 
carrying survivors is drifting. The OPV must 
search and rescue survivors. A possible MOE is 
the time elapsed from the reception ofthe call to 
the discovery of survivors. 
Maritime Interdiction Operation (MIO): A 
channel near a major port facility is traversed 
by traffic of various commercial ships and small 
private craft, and is patrolled by OPVs. The area 
may be subject to terrorist attacks performed by 
Fast Patrol Boats (FPB). The OPVs mission is to 
identify the potential threats. A possible MOE is 
the percentage ofFPBs that can enter and leave 
the area without being detected. 
The results of this initial study indicated that 
certain ship capabilities that include maxi-
mum speed and radar range were needed for 
operational success. Additionally, the different 
scenarios allowed for a broader examination of 
overall capabilities of the OPY, which makes the 
results more believable but also more complex as 
this indicates a need to prioritize missions, which 
adds a level of subjectivity to the results. 
lhe role ofNPS in this research effort was 
to support OSN and to attempt to duplicate 
their modeling results using a different simula-
tion model, advances in DOE, and to develop 
a dynamic dashboard display of the resulting 
operational and physical trade space. NPS 
faculty and students applied MBSE to develop 
a methodology that uses output analyses of 
the combat systems operational effectiveness 
r j I I 
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modeling as ship characteristic inputs for the 
ship design process_ Led by faculty and students 
from the Systems Engineering department, the 
NPS team integrated processes and tools, such 
as systems architecting and development, vari-
ous simulation technologies, statistical design 
of experiments, and lifecycle cost estimation, 
to demonstrate ways to provide a cost-effective 
design of a ship platform that achieves a single 
mission based solely on the measures of effec-
tiveness for that mission_ Thorough trade space 
analysis will result from the linkage of combat 
system capabilities, ship design and selection, 
and cost estimation, through modeling and 
simulation. 
The three OPY operational scenarios evalu-
ated in NPS faculty and students were the MIO 
scenario (Yoosiri, 2012), the ASuW scenario 
(Mckeown, 2m2), and the SAR scenario (Ash-
pari,20l2). These three master's degree students 
from the Operations Research Department at 
NPS designed and built the simulation models 
used to demonstrate the MBSE design concept. 
Additionally, a fourth NPS student conducted 
a cost analysis of the OPYand successfully 
integrated cost considerations into an overall 
examination of the trade space. Each of the four 
studies is documented in detail in the individual 
written student thesis. 
Notional synthesis meta-models were used to 
demonstrate the linkages between the opera-
tional and phYSical trade-space environment. 
In order to create the operational meta-models, 
each student performed an experimental design 
on a simulation model, with multiple replications 
on a high-performance computer cluster. The 
students created three custom designs with a mix 
of continuous, discrete, binary, and categorical 
factors. Table 1 shows each simulation model's 
experimental design characteristics. 
The MBSE design concept relies heavily on 
the accuracy of the meta-models developed from 
the experimental design. The designs in Table 
1 provided excellent exploratory opportunities 
to understand the complicated behavior of the 
simulation outputs. Because these designs mini-
mize the correlation between model effects, they 
reduce the variance in the coefficien t estimates 
and increase their precision by reducing model 
biasj these benefits ensure that the meta-models 
are as accurate as possible. lhe resulting analysis 
based on the work of these three students indi-
cates that OSN and NPS modeling efforts regard-
ing OPY scenarios are very complementary with 
consistent results. 
Additionally, the operational meta-models cre-
ated from the experimental designs in Table 1 were 
used to create the operational contour pro filer in a 
dynamic "dashboard" that highlights the trade-offs 
between three operational MOEs and five physical 
design considerations. Figure 2 shows the MBSE 
design concept contour profilers that represent the 
operational and physical spaces. 
The contour profilers in Figure 2 allow decision-
makers to explore different ship configurations 
while ensuring the configurations are feasible and 
operationally effective. lhere are seven physical 
design factors and two operational noise factors 
listed at the top of Figure 2j these are the signifi-
cant factors within the meta-models created using 
the designs in Table I_In the middle of Figure 
2, there is an area that sets the minimum and 
Maritime Interdiction Operations Design Anti-Surface Warfare Design Search and Rescue Design 
Numberof Number of Factor Factor Order Number of Number of Factor Factor Order Number of Number of Factor Factor Order 
Factors Levels Tvpe 11't or 2nd ) Factors Levels Tvpe (l l' or 2"d) Factors Levels Type (1" or 2nd , 
8 300 Continuous 2nd Order 3 200 Continuou 
2f1i1 Order 
11 465 Continuous 2nd Order 
2 300 Continuou 3 10 Discrete 2 3 Discrete 
1 11 Discrete 1 5 Discrete IltOrder 1 2S Discrete lSI Order 
1 3 Discrete l"Order B 2 Binary 1 4 Calegorical 
2 2 Binary Notc!: ThC! lS·factor design with 200 design Note: The lS·fact.or design with 465 deSign 
I 11 Categorical points has a IiI Order PINIP = 0.023. The subset points has a 1.1 Order P m.p = 0.034. The subset 
1 3 Categorical of factors that are labeled 2"~ Order have a 21\11 of factors that are labeled 2n~ Order have a 2 ~ 
Nato: The 16-foctor do,lgn with 200 doslcn Order p _ : 0.029 Order p : 0 065. 
points has a )n Order p INP = 0.047. The subset 
of factors that are labeled 2n:t Order have a 2"d 
Ordor p~, : 0_048. 
TABLE 1. Experimemal design characteristics for [he MBSE ship design problem. The [able shows each design's 
number of fac[Qrs, levels, type, and [he subsets of factors [hal have minimal correla[ions for either a first-or 
second-order model. 
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FIGURE 2. The MBSE design concep[ comour prolilers. 
maximum constraints for each of the three opera-
tional and five synthesis meta-model functions; 
the form of the meta-models determines the shape 
of the colored contours_ Adjusting the constraints 
will adjust the colored area that indicates the 
infeasible region; as long as the crosshairs fall 
within the white space in both the operational and 
physical space, the ship is simultaneously feasible 
and effective_ Because the shape of these meta-
models greatly impacts the inSights gleaned from 
the contour profilers, it is important to ensure that 
they are as accurate as possible in order for the 
MBSE design concept to be effective_ 
Future Work and Summary 
NATIONAL PLAN FOR MILITARY RESEARCH (PNRM) 
In Italy, the military R&T programs are coor-
dinated by the 5th Department ofSGD (SeG-
reDifesa), which entrusts their contractual man-
agement to the appropriate general directorates 
and technical bodies_ The aim of these programs 
is to encourage the growth and consolidation 
of the technologies needed to ensure feasibility 
for future armaments development programs, 
both in a domestic and an international coop-
eration context The major tool used by the 5th 
NAVAL ENGINEERS JOURNAL 
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Department for direction and coordination is the 
National Plan for Military Research (PNRM)_ 
OSN defined a project with the Italian Navy 
and SGD (founded 50% by OSN and 50% by 
Italian Navy), to extend and to industrialize the 
Operational Evaluation Model that OSN is defin-
ing. The project will complete in two years and its 
purpose is to increase the number of naval tasks 
taken into account covering a Significantly wide 
range ofItalian Navy activities, such as harbor 
protection, escort, anti-piracy, etc. 
For the naval task model developed in previ-
ous projects (SAR, MIO, ASUW; fishery patro!), 
the goals will be to increase the realism of the 
scenario in terms of operational tactics, and/ or 
the behavior for the hostile and cooperating enti-
ties (Fast Patrol Boats, UAY, Helicopter, etc) and 
to extend the level of detail with the inclusion of 
all the subsystems of Combat/System as well as 
the ship platform relevant to the performance of 
each naval activity_ 
The results obtained will be subjected to a sta-
tistical analysis in order to obtain the functions 
that bind the operational effectiveness with key 
requirements and the main characteristics of the 
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derive an effective visual representation that will 
allow the players involved in the early ship design 
stages to appreciate the influence of a change 
in operational requirements and performance 
characteristics of the ship, itself, in the context of 
naval operations. 
C;RADUATE EDUCATION: "FORTE MARE PROJECT"-
A SYSTEM ENC;INEERINC; MASTER 
Located at the University of Genoa, the higher 
education project named "Forte Mare" is a 
2nd Level Master in System Engineering for 
Maritime Technologies that expands upon a 
previous university background in response to 
the need for specific skills and knowledge that 
allow new system engineers to become involved 
in industrial research activities in the field of 
marine technology, with specific reference to 
the areas covered by DLTM (The Liguria Clus-
ter of Marine Technology). 
Objective: the project involves training with 
the use of highly-specialized resources to pursue 
objectives in innovation provided by DLTM 
companies, developing the ability of a Systems Of 
Systems (SoS) approach for the design of products 
and complex systems and innovations, and to 
organize and manage these research activities. 
Tile project: The project (36 months) is struc-
tured in two sections (18 months); each section 
is categorized into three modules for a total of 
750 hours plus 6 months of experience with an 
industrial company: 
A. Engineering Systems Interdisciplinary 
themes and specialized teaching on specific 
topics in the fields of marine engineering, 
electronic, mechanical, telecommunications, 
and rail that develop existing skills through 
multidisciplinary study of specific subjects 
through learner-facing lectures focused on 
enhancing fundamental knowledge, which 
is preparatory to operational experience in 
a DLTM company. Part of the training in 
this module is carried out abroad at a site of 
industrial relevance for the topics discussed. 
B. Operational experience in a DLTM company 
(team working) in multidisciplinary groups that 
will develop a research experience, the theme 
of which is jointly agreed upon by the Board of 
Management and the industrial partners. 
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C. Teaching management of research and 
innovation. These modules begin in the fall 
and the sequence is repeated for the second 
section with a new group of engineers. 
Academics and experts from research 
institutions and companies conduct the 
training through coaching, mentoring, and 
contributions from industry. The teaching and 
mentoring of the first training cycle is carried 
out preferably in English, with the intention 
of implementing teaching in English for the 
second cycle. Teachers and experts will follow 
the multidisciplinary teams during their 
operational research experience. 
(Author Francesco Perra is member of the 
technical committee of this project, so people 
with experience in SoS, interested in keeping 
hours of instruction on specific SoS topics are 
encouraged to send their questions and curricu-
lum to the author.) 
Summary 
Since 2005, OSN has strived to raise awareness 
of the importance of the early phases of initial 
concept and preliminary ship deSign, import-
ing to Italy the most relevant studies in this field 
with the goal of extending Italian know-how 
and experience. The international and national 
R&D activities performed by OSN intend to 
support the expertise of the DLTM companies 
in the integration of sophisticated and complex 
onboard systems, and in the capability to interact 
with the customer, the suppliers and deSigners of 
ship systems; the purpose is to help the engineer-
ing area of the company by supporting collabora-
tion in multinational programs both now and in 
the future. Inside OSN, the R&D finalized con-
cepts currently in development, as well as those 
that will be developed in the future, will not just 
address the design ofintegrated naval vessels, but 
will also address the integration of naval vessels 
in their operational environment. 
This paper provides a thorough vision of tlle 
efforts developed and implemented by OSN and 
its research partners, to include a summary of 
national and international research projects, and 
describes the final objective of prodUcing and 
delivering a warship in whiclt the effectiveness of 
the entire warship is addressed during the earliest 
stages of design. OSN instantiated this effort by 
NAVAL ENGINEERS JOURNAL 
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establishing a collaborative, real-time environment 
in which operational needs and engineering design 
considerations are both represented within a 
coherent and integrated ship development process. 
For the technical details about these activi-
ties, it's possible to contact the technical senior 
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